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(57) Abstract: A pump primarily for liquid paint comprising first and second pistons (19, 21) reciprocable rectilinearly in respective 
first and second cylinders (17, 18), said first and second pistons being moved relative to their respective pistons by operation of an 

A. C. electric motor (13) the rotary output shaft of which is coupled to said first and second pistons by means including a constant 
velocity cam (31) and cam follower (32, 33) mechanism converting rotary motion of the output shaft into reciprocatory motion of 
said first and second pistons 180° out of phase with one another. 
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PUMPS 

Technical Field 

This invention relates to a pump, primarily but not exclusively for supplying 
liquid paint to a pressure loop serving one or more spray guns. 

Background Art 

United States Patent 5094596 discloses a pump having a pair of opposed and 
interconnected pistons reciprocable in respective cylinders to pump paint. 
The interconnected pistons are driven in their reciprocatory motion by an air 
motor and w^hile one piston and cylinder arrangement is pumping paint to 
supply paint under pressure into a pressure loop, the other piston and 
cylinder arrangement is being re-charged by drawing paint from a reservoir 
into the cylinder for subsequent discharge therefrom into the pressure loop in 
a subsequent reverse movement of the pistons during which the first 
mentioned piston will draw paint into its respective cylinder to re-charge that 
cylinder. 

Air motors require an external source of compressed air in order to operate, 
and it is recognised that such systems are relatively inefficient in terms of 
energy utilisation. Moreover the change in drive direction at each end of 
reciprocatory stroke of an air motor is relatively slow giving, rise to 
noticeable pulsation in the output of the pump. U.S Patent 5220259 discloses 
a single reciprocating piston pump of relatively large stroke driven by a D.C. 
electric motor, an arrangement which is disadvantageous in requiring a 
complex, and therefore expensive control arrangement for the motor. 
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It is an object of the present invention to provide a twin opposed piston 
reciprocating pump which is driven electrically in a simple and convenient 
manner. 

Disclosure of Invention 

In accordance v^ith the present invention there is provided a pump comprising 
first and second pistons reciprocable rectilinearly in respective first and 
second cylinders, said first and second pistons being moved relative to their 
respective pistons by operation of an A. C. electric motor the rotary output 
shaft of which is coupled to said first and second pistons by means including 
a constant velocity cam and cam follower mechanism converting rotary 
motion of the output shaft into reciprocatory motion of said first and second 
pistons 180° out of phase with one another. 

Preferably said first and second pistons are axially aligned. 

Desirably said first and second axially aligned pistons cooperate with said 
constant velocity cam through the intermediary of respective cam followers 
engaging said constant velocity cam at opposite ends of a diameter of the 
circle of rotation of said cam. 

Preferably said cam followers are roller cam followers. 

Preferably said first and second cam followers are spring urged into 
engagement with the cam surface of said constant velocity cam. 
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Desirably said first and second cam followers are simultaneously urged to 
engage the cam surface of said constant velocity cam by compression springs. 

Alternatively said first and second cam followers are interconnected by 
tension spring means simultaneously urging both cam followers to engage the 
cam surface of said constant velocity cam. 

Preferably the pump includes third and fourth axially aligned pistons 
reciprocable in respective third and fourth cylinders, said third and fourth 
pistons being driven for reciprocatory movement 180^ out of phase with one 
another by a second constant velocity cam driven by said A.C. motor output 
shaft, die reciprocable movement of said third and fourth pistons being 90° 
out of phase with the reciprocatory movement of said first and second 
pistons. 

Preferably paint discharged from said first, second, third and fourth cylinders 
is supplied to a common pressure loop. 

Conveniently a gearbox is interposed between the output shaft of the motor 
and said constant velocity cam or cams. 

Preferably said gearbox is a reduction gearbox. 

If desired a flywheel can be associated with the drive transmission between 
the A.C. motor output shaft and the or each constant velocity cam. 
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Brief Description of the Drawings 

One example of the invention as illustrated in the accompanying drawings 
wherein :- 

Figure 1 is a front elevational view of a twin opposed piston 
electrically driven pump; 

Figure 2 is a view in the direction of arrow A in Figure 1 ; 

Figure 3 is an enlarged front elevational view of part of the pump of 
Figure 1 illustrating one of a pair of springs omitted from Figure 1 for 
clarity, and; 

Figure 4 is a view similar to Figure 1 of a modification. 
Preferred Modes of Carrying Out the Invention 

Referring to the drawings the pump which is primarily, but not exclusively, 
intended for supplying liquid paint to a pressure loop or paint circuit in turn 
supplying one or more spray guns, comprises a rigid supporting frame 11 
including a mounting block 12 having a base plate 12a and upstanding, 
parallel, spaced side plates 12b, 12c extending at right angles to the base 
plate 12a. Although omitted from Figure 1 for clarity, it can be seen from 
Figure 2 that a front plate 12d extends parallel to the base plate 12a and is 
spaced therefrom by the side plates 12b, 12c, The plates 12a, 12b, 12c, 12d 
are secured together in any convenient manner, for example by means of 
bolts, to define a rigid box-like structure. 

Bolted to the rear face of the plate 12a and extending at right angles thereto is 
a reduction gearbox 14 carrying, at its end remote from the plate 12a, an 
A.C. electric induction motor 13. The rotational axis of the rotor of the 
motor 13 is coincident with the longitudinal axis of the gearbox 14 and the 
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output shaft of the motor 13 drives the input element of the gearbox 14, the 
output shaft of the gearbox 14 extending through bearings at the end of the 
gearbox 14 and . protruding through a centrally disposed aperture in the plate 
11a. The output shaft 15 of the gearbox 14 protrudes across the gap between 
the plates 12a, 12d and is received, at its free end, in a bearing 16 in the 
plate 12d. Bolted to the exterior face of the side plate 12b is a first cylinder 
assembly 17, and a second, identical cylinder assembly 18 is bolted to the 
exterior of the side plate 12c, the assemblies 17, 18 being axially aligned. 
Each cylinder assembly includes a cylinder 17a, 18a slidably receiving a 
respective piston 19, 21. At its outermost end each cylinder assembly 17, 18 
defines, with its respective piston 19, 21, a pumpmg chamber 22, 23 having 
a respective inlet union 22a, 23a and a respective discharge union 22b, 23b. 
Each inlet union 22a, 23a includes a non-return valve ensuring that liquid 
paint can be drawn from a supply line into the respective pumping chamber, 
but preventing discharge of paint from the chamber through the inlet union 
22a, 23a during a pumping stroke of the respective piston. Similarly each 
output union 22b, 23b includes a respective non-return valve allowing liquid 
paint to flow from the respective pumping chamber 22, 23 by way of the 
outlet union but preventing liquid paint being drawn back into the pumping 
chamber 22, 23 through the respective union 22b, 23b during reverse 
movement of the respective piston. 

Each piston 19, 21 is carried by a respective piston rod 24, 25 which extends 
through a respective sliding bearing in the base wall of the respective 
cylinder assembly 17, 18, and through a corresponding aperture in the 
respective side plate 12b, 1 2c for connection to a respective cam follower 
slider 26, 27 carried on the inner face of the plate 12a. 
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The inner face of the plate 12a has affixed thereto first and second guide rails 
or guide rods 28, 29 extending parallel to one another equidistantly spaced on 
opposite sides of the aperture through which the output shaft 15 of the 
gearbox 14 extends. The guide rails 28, 29 extend parallel to the axially 
aligned piston rods 24, 25 and the sliders 26, 27 are slidably mounted on the 
guide rails 28, 29 for guided, reciprocatory motion relative to the plate 12a in 
the direction of the common axis of the piston rods 24, 25. 

A "heart-shaped" constant velocity cam 31 is secured to the shaft 15 between 
the plates 12a and 12d for rotation with the shaft. Each slider 26, 27 carries 
a respective cam follower roller 32, 33 mounted on its respective slider for 
rotation about an axis parallel to the axis of rotation of the shaft 15. The 
rotational axis of the rollers 32, 33 intersect a diameter of the circle of 
rotation of the cam 31 and the sliders 26, 27 are resiliently urged towards one 
another such that the rollers 32, 33 engage the peripheral cam surface of the 
cam 31 diametrically opposite one another in relation to the circle of rotation 
of the cam. As the cam rotates the rollers roll on the cam surface of the cam 
and so follow the throw of the cam. 

The sliders 26, 27 are urged towards one another on opposite sides of the 
cam 31 by means of a pair of tension springs 34 (only one of which is shown 
in Figures 2 and 3). The springs 34 are helically coiled tension springs 
having hooked ends which engage around respective posts 35 protruding 
from the sliders 26, 27 respectively. Each slider 26, 27 has four posts 35 so 
that the sliders can be interconnected by two or four springs as desired. It 
will be recognised that the springs will, desirably, be equal in force on 
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opposite sides of the plane containing the axes of rotation of the rollers 32, 
33 and the shaft 15. The heart-shaped constant velocity cam 31 is 
symmetrical about a plane passing through its apex and its centre of rotation, 
and thus the movement of the sliders 26, 27, as the cam 31 rotates, will be 
180° out of phase with one another, and with the exception of the instants at 
which the direction of reciprocatory movement of the sliders 26 and 27 
changes, the speed of their rectilinear movement resulting from rotation of 
the cam 31 is constant. 

A sliding seal is provided in known manner between the wall of each cylinder 
17a, 18a and the respective piston 19, 21. However, some leakage past the 
seal can occur, and so each of the cylinder assemblies 17, 18 is provided with 
a drain arrangement 36, 37 whereby liquid paint seeping past the piston and 
cylinder seal can be drained from the respective cylinder assembly. 
Desirably, as shown in Figure 1, liquid paint seeping past the piston and 
cylinder seals is returned by the drain arrangements 36, 37 to the inlet unions 
22a, 23a of the chambers 22, 23 respectively. Moreover, a bellows seal 38, 
39 engages each piston rod 24, 25 and the inner wall of its respective 
cylinder assembly 17, 18 to seal the sliding interface of the piston rod and the 
respective cylinder assembly. 

The motor 13 is operated to produce a predetermined rotational output speed 
at its output shaft, the control of the A.C. induction motor 13 being a 
conventional inverter control system forming no part of the present invention. 
As the cam 31 rotates from the position shown in Figures 1 and 3 the roller 
33 is driven to the right by the cam 31 sliding the slider 27 to the right on the 
guide rails 28, 29. The slider 27 is connected to the piston rod 25 and so the 
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piston 21 is displaced to the right reducing the volume of the pumping 
chamber 23 which, at this stage, is full of liquid paint. The non-return valve 
in the inlet union 23 closes and paint is discharged from the chamber 23 into 
the pressure loop of the spraying system, through the outlet union 23b by the 
positive displacement of the slider 27 by the cam 31. Simultaneously the 
slider 26 carrying the piston rod 24 and the piston 19 is drawn to the right, 
along the guide rails 28 and 29 by the action of the springs 34 resiliently 
interconnecting the sliders 26, 27. Thus the roller 32 remains in contact with 
the cam surface of the constant velocity cam 31. Movement of the piston 19 
to the right increases the volume of the pumping chamber 22 drawing liquid 
paint from the supply through the inlet union 22a. At ttiis stage the non- 
return valve of the union 22a opens and the non-return valve of the outlet 
union 22b closes to prevent liquid paint flowing back into the chamber 22 
from the pressure loop. Pumping of liquid paint into the pressure loop 
continues through 180° of rotation of the cam 31 at a constant velocity, and 
when the high point of the cam 31 passes the roller 33 the roller 32 coacts 
with the low point of the cam, and thereafter during continued rotation of the 
cam the slider 26 is driven to the left so that the piston 19 performs a 
pumping stroke in relation to the chamber 22, discharging liquid paint into 
the pressure loop by way of the union 22b while simultaneously the slider 27 
follows the slider 26 to the left, by virtue of the spring connection between 
the two, so that the piston 21 performs an inlet stroke drawing liquid paint 
through die union 23a into the pumping chamber 23. It will be appreciated 
that the reciprocating motion of the pistons 19, 21 continues while the motor 
13 drives the cam 31. 
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It will be understood that if desired, rather than the return motion of the 
pistons 19, 21 drawing liquid paint into the chambers 22, 23, the paint supply 
connected to the inlet unions 22a, 23a could be under low pressure so that the 
flow of paint into the pumping chambers 22, 23 at the appropriate time is 
assisted by the pressurisation of the paint supply. 

As the cam 31 is a constant velocity cam, then the supply of paint under 
pressure into the pressure loop of the spraying system will be constant except 
for the points in the cycle at which the pistons 19, 21 undergo a change of 
direction, which by virtue of the cam and cam follower arrangement takes 
place very rapidly. While the piston 21 is pumping the piston 19 is allowing 
the chamber 22 to refill, and vice-versa. 

In the modification illustrated in Figure 4 the tension springs 34 are replaced 
by four compression springs 41 each of which acts at one end against an 
outwardly projecting limb 43 of an L-shape bracket 42 the other limbs of 
which are bolted to the sliders 26, 27 respectively. 

The brackets 42 can be considered to be in two pairs, one pair on each side 
of the longitudinal centre line of the pump. The limbs 43 of each bracket 42 
are formed with a through bore, and associated with each pair of brackets is 
an elongate retaining rod 44 which extends slidably through the bores of the 
limbs 43 of its respective pair of brackets. The regions of each rod 44 
projecting through the limbs 43 are encircled by respective springs 41 and 
nuts 45 in screw threaded engagement with the opposite of each rod 44 
engage the outer ends of the springs 41 respectively and apply a 
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predetermined axial pre-load to each spring 41 against its respective bracket 
limb 43. 

In practice the rods are of a predetermined length, and the nuts 45 are 
threaded along the rods 44 by a predetermined amount selected in relation to 
the length and rating of the springs 41, such that the springs 41 apply a 
predetermined pre-load to their respective bracket limbs 43. 

It will be recognised that the springs 41 urge the sliders 26, 27 towards one 
another so that the cam follower rollers 32, 33 bear on the cam surface of the 
cam 31. Thus the springs 41 act in mechanically the same manner as the 
springs 34 of the embodiment described above, but the springs 41 act in 
compression, rather than in tension. The brackets 42 and rods 44 are so 
positioned that a common plane containing their longitudinal axes is 
coincident with the median plane of the cam 31 and the cam follower rollers 
32, 33, and contains the longitudinal axes of the piston rods 24, 25 of the 
pumping arrangements. 

It will be recognised that in Figure 4 the cylinder assembly 18 at tlie right 
hand side of the pump, together with its ancillary components, has been 
omitted for clarity. Thus the piston rod 25 which is linked to the slider 27 is 
not visible in Figure 4. 

It can be seen in Figure 4 that the piston rod 24 is coupled to the slider 26 
through the intermediary of a captive ball joint 46. The ball joint 46 

accommodates small degrees of misalignment of the piston rod 24 relative to 
the longitudinal centre line of the slider arrangement as can occur, for 
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example, as a result of tolerance build-up in the individual components which 
are assembled together. The captive ball joint 46 however transmits 
longitudinal movement of the slider 26 to the rod 24 in both directions of 
movement of the slider. A similar captive ball joint links the slider 27 to the 
piston rod 25, and it is to be understood that similar ball joints can be 
incorporated into the assembly described above with Figures 1, 2 and 3. 

The use of springs loading the cam follower rollers against the cam 31 is 
advantageous in that it provides a predetermined preload of the rollers against 
the cam and within recognised limits manufacturing tolerances and wear of 
cam and rollers is automatically accommodated by the springs. A controlled 
preload avoids the risk of premature failure through excessive roller/cam 
loading and the springs avoid the need for complex adjustment mechanisms to 
accommodate wear and tolerances. It will be understood that using the 
springs to link the sliders and preload the engagement with the cam avoids 
the possibility of a gap between one or both rollers and the cam which would, 
if present, result in delays in piston direction change at the stroke ends with 
consequential fluctuations in pump output. 

Should it be desired to increase the capacity of the system, and/or minimise 
pulsation of the pressure in the pressure loop during changes in the 
reciprocatory direction of the pistons 19, 21 then the shaft 15 can 
simultaneously drive a second cam identical to the cam 31, but 90"^ out of 
phase therewith. The second constant velocity cam will cooperate with 
respective sliders identical to the sliders 26, 27 but axially spaced therefrom 
in the direction of the axis of the shaft 15. The two additional sliders will be 
coupled to respective third and fourth piston and cylinder arrangements 
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identical to those associated with the sliders 26 and 27. In such an 
arrangement the third and fourth piston and cylinder arrangements will be at 
the mid-point of their reciprocatory motion when the piston and cylinder 
arrangements 17, 19 and 18, 21 are at the ends of their reciprocatory 
movement. Thus at any given point in the rotation of the shaft 15 at least one 
piston and cylinder arrangement will be performing a pumping stroke 
displacing pressurised liquid paint into the associated spray gun pressure 
loop. The additional cylinder assemblies can be carried on extensions of the 
side plates 12b, 12c and the sliders can be carried on the plate 12d or on an 
additional plate parallel to plates 12a, 12d. 

It will be recognised that if desired a surge eliminator of known form can be 
associated with the pressure loop to further smooth the pressure fluctuations 
in the pressure loop. 

Although the motor 13 drives the or each constant velocity cam through a 
gearbox 14 it will be recognised that if desired a flywheel can be 
incorporated, preferably between the motor 13 and the gearbox 14 to 
minimise the effect of loading changes in the system as reversal of the 
direction of reciprocatory movement of the pistons occurs. 

A pressure operated switch is incorporated in the output loop or in each 
outlet union of each pumping chamber to de-energise the motor 13 and cease 
pumping if the output pressure exceeds a predetermined safe valve, for 
example as a result of a filter or line blockage or failure of an output union 
non-return valve. 
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In one practical embodiment of the pump of Figure 1 each piston is arranged 
to have a relatively short stroke of 30 to 80mm, conveniently 40mm, thus 
facilitating the use of an AC motor driving the pistons through a constant 
velocity cam 31. Moreover, the selection of a short stroke twin piston 
arrangement facilitates the use of relatively large piston diameters, between 
60 and 150mm and conveniently 100mm, the motor 13 being operated so that 
the pump delivers between 10 and 55 litres/minute (up to 110 litres/minute 
for a four cylinder pump). 
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Claims :- 

1. A pump characterised by comprising first and second pistons (19, 21) 
reciprocable rectilinearly in respective first and second cylinders (17, 18), 
said first and second pistons being moved relative to their respective pistons 
by operation of an A. C. electric motor (13) the rotary output shaft of which 
is coupled to said first and second pistons by means including a constant 
velocity cam (31) and cam follower (32, 33) mechanism converting rotary 
motion of the output shaft into reciprocatory motion of said first and second 
pistons 180^ out of phase with one another. 

2. A pump as claimed in claim 1 characterised in that said first and 
second pistons are axially aligned. 

3. A pump as claimed in claim 2 characterised in that said first and 
second axially aligned pistons cooperate with said constant velocity cam 
through the intermediary of respective cam followers engaging said constant 
velocity cam at opposite ends of a diameter of the circle of rotation of said 
cam. 

4. A pump as claimed in any one of claims 1 to 3 characterised in that 
said cam followers are roller cam followers. 

5. A pump as claimed in any one of claims 1 to 4 characterised in that 
said first and second cam followers are spring urged into engagement with 
the cam surface of said constant velocity cam. 
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6. A pump as claimed in any one of claims 1 to 5 cliaracterised in that 
said first and second cam followers are simultaneously urged to engage the 
cam surface of said constant velocity cam by compression springs. 

7. A pump as claimed in any one of claims 1 to 5 characterised in that 
said first and second cam followers are interconnected by tension spring 
means (34) simultaneously urging both cam followers to engage the cam 
surface of said constant velocity cam. 

8. A pump as claimed in any one of claims 1 to 7 characterised by 
including third and fourth axially aligned pistons reciprocable in respective 
third and fourth cylinders, said third and fourth pistons being driven for 
reciprocatory movement 180° out of phase with one another by a second 
constant velocity cam driven by said A.C. motor output shaft, the 
reciprocable movement of said third and fourth pistons being 90° out of 
phase with the reciprocatory movement of said first and second pistons. 

9. A pump as claimed in claim 8 characterised in that liquid discharged 
from said first, second, third and fourth cylinders is supplied to a common 
pressure loop. 

10. A pump as claimed in any one of the preceding claims characterised in 
that a reduction gearbox is interposed between the output shaft of the motor 
and said constant velocity cam or cams. 
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11. A pump as claimed in any one of the preceding claims characterised in 
that a flywheel is incorporated in the drive transmission between the A.C. 
motor output shaft and the or each constant velocity cam. 
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